Abstract: Emergency control systems influence the design, development, and maintenance of public infrastructure in a significant manner. These systems help to restore the infrastructure and sometimes prevent damage in cases of crisis. The road transportation system is an important part of public infrastructure and is one of the critical assets of a nation. Recovering from emergency situations on the road has been one of the major concerns of the traffic management personnel. Many software systems have been developed using advanced technologies to help in the detection of, prevention of and recovery from road crisis. We have developed the CubeView visualisation system based on the concepts of data-visualisation and data mining. Visualisation of loop-detector traffic data can help in the identification of potentially important patterns embedded in the data. CubeView helps in summarising the major trends in traffic patterns for both historical and current data. This paper presents the idea of applying the concepts of data-visualisation and outlier detection to road traffic data using the CubeView system for emergency situation control and management planning. CubeView is a web-based software system and is available at:
Introduction
The transportation system plays a major role in the mobility and economic development of the country. According to the US Department of Transportation, an average person in the US travels approximately 17,000 miles annually and 12,600 ton-miles of freight are moved each year per person (US Department of Transportation Research and Special Programs Administration and VOLPE National Transportation Systems Center (1997) . The statistical figures only further indicate the vastness of the infrastructure as it spreads across the entire sub-continent. Operations at this large a scale also carry with significant risk in case of damage to the system and the need to continuously monitor the system, so that emergency situations can be effectively controlled. The Departments of Transportation usually collect data related to the various traffic patterns on highways and other local roads using the sensor network embedded in the roadways. The data collected from these sensors is of great value for decision-making. However, it is usually stored in raw binary data format, and is not properly organised for analysis. These systems that aid in the decision-making for traffic control are called intelligent transportation systems (ITS), which use sensing, locating, computer, and communications technologies to model the operations on highways and transit (US Department of Transportation Research and Special Programs Administration and VOLPE National Transportation Systems Center, 1999) . Huge amounts of data have been collected by various public infrastructure management agencies in the form of video and sensor measurements. This data usually is of little use without proper formatting and presentation. With the improvement in database technologies and various data processing techniques, many systems have been proposed and developed for presentation and analysis of such data. Concepts of database management, data mining, and data visualisation can be used for processing of information contained in these databases to discover trends that would otherwise not be evident.
Data mining has been emerging as a powerful tool for the processing and analysis of large databases. Concepts of data mining can be used for the analysis of the huge amount of traffic data collected by road sensors. Data mining is a process to extract implicit, nontrivial, previously unknown and potentially useful information (such as knowledge rules, constraints, regularities) from data in databases . One of the important tools of data mining is data visualisation. Visualisation helps in drawing meaningful conclusions from the data, which would otherwise be a cumbersome process. Data visualisation is the pictorial presentation of data, so that it can be easily interpreted. Effective data mining depends on having a human involved in the data exploration process. Visual data exploration integrates the human creativity and general knowledge with the computational power of computers which makes the process of knowledge discovery an easier process (Keim, 2001) . In this paper we propose using the concepts of data mining and data visualisation for emergency control. For this purpose, a software tool for traffic data analysis has been developed -CubeView. CubeView was designed to help in the interpretation of traffic data and decision-making. It is a visualisation software package for observing the summarisation of spatial patterns and temporal trends embedded in traffic data. An important problem that arises during emergencies is the congestion due to evacuation from the crisis-hit spots. In addition, congestion can be a problem in case of emergencies that occur on the roads during day-to-day traffic flows, like accidents, repairs, and maintenance. In these cases, it is useful to continuously monitor the system and immediately identify the incident hot spots so that the necessary actions can be taken without any delay. The analysis of traffic flow can help in the prediction and control of problems occurring due to congestion on highways, thus helping in minimising the negative effects of such events.
The sections that follow will provide detailed description of how the various concepts of data mining and data visualisation can be used for crisis management. The rest of the paper is organised as follows. Section 2 gives an overview of the related work in data mining, data visualisation, and intelligent transportation systems. Section 3 provides an overall view of the CubeView system and its implementation. We will discuss the issues that arise during emergency events and, and describe our system architecture. Section 4 provides a description of the various views of CubeView system and discuss how CubeView can be used for emergency control and early warning. Section 5 addresses the limitations of the system and potential future directions. Finally, we summarise our work in Section 6.
Related work
Traffic management software tools have been developed for a number of state transportation agencies. These systems incorporate online analysis tools that use the data collected from sensor network to provide information to commuters and researchers. The Arizona Department of Transportation uses the freeway management system (FMS) for the analysis of data collected through the sensors embedded in the freeways of the state (Arizona Department of Transportation). FMS has been mainly designed to manage the congestion problems on the urban highway networks in the metropolitan Phoenix and Tucson areas. The Georgia Department of Transportation's Intelligent Transportation System is called the Navigator (Georgia Department of Transportation). The transportation system developed by San Antonio District of the Texas Department of Transportation is called the TransGuide (San Antonio District of the Texas Department of Transportation). The state of California also has its own online information systems on transportation (San Diego District 11 Traffic Management Centre; Los Angeles Department of Transportation). While some of these systems provide a lot of features showing details about the highways on the maps, some systems provide only basic utilities like the current congestion and road condition without providing any analysis tools for processing historical data.
The system we have developed, CubeView, is based on the concepts of data mining and data visualisation. We introduce the basic concepts that have been used in the designing of the system and how these concepts aid in decision-making. Data mining has been defined as the process of extracting hidden information from large databases that can used for predicting future events (Thearling) . The explosive growth in data and databases used in business management, government administration, and scientific data analysis has created a need for tools that can automatically transform the processed data into useful information and knowledge. Data mining allows organisations and companies to extract useful information from the vast amount of data they have gathered, thus helping them make more effective decisions. Two important features of data mining techniques are evident -automated prediction of trends and behaviours and automated discovery of previously unknown patterns. Both of these functionalities play an important role in the prediction and recovery from crisis situations on roadways. Prediction of trends based on analysis of past data can help traffic personnel predict the traffic patterns in case of emergencies. This is done in data mining by building models for historical data and using those models to predict future events. CubeView is such a model that has been developed based on the traffic data collected in the past and that can used to study the traffic flows in future.
Although data mining is concerned with database knowledge discovery in general, there is a specialised branch of database analysis that can be particularly used for traffic data -spatial data mining. Spatial data sets have an additional characteristic in addition to the normal data sets -spatial attribute. This attribute makes the data elements relate to each other based on the spatial characteristics. Traffic databases fall under the category of spatial databases, since the data collected is related to each other on the basis of location. Spatial data mining is concerned with the discovery of interesting and useful but implicit knowledge in spatial databases (Koperski et al., 1996; Koperski and Han, 1995; Chawla et al., 2001; Shekhar and Huang, 2001; . With the huge amount of spatial data obtained from satellite images, medical images, and geographical information systems (GIS), it is a non-trivial task for humans to explore spatial data in detail. Spatial datasets and patterns are abundant in many application domains related to NASA, the Environmental Protection Agency, and the Department of Transportation. A key goal of spatial data mining is to partially automate knowledge discovery, i.e., search for pieces of information embedded in very large quantities of spatial data. The concepts of spatial data mining can be used for the information retrieval process from the traffic databases. However, it is not always an easy task to process spatial databases. Challenges in spatial data mining arise from the following issues. First, classical data mining is designed to process numbers and categories. In contrast, spatial data is more complex and includes extended objects such as points, lines, and polygons. Second, classical data mining works with explicit inputs, whereas spatial predicates and attributes are often implicit. Third, classical data mining treats each input independently of other inputs, while spatial patterns often exhibit continuity and high autocorrelation among nearby features. Such inter-relationships among data elements, although difficult to present and analyse, are very helpful in detecting abnormal situations. Data mining and knowledge discovery tasks can be classified into four general categories:
• dependency detection (e.g. association rules)
• class identification (e.g. classification, clustering)
• class description (e.g. concept generalisation)
• exception/outlier detection (Knorr and Ng, 1998) .
Most research has concentrated on the first three categories, which correspond to patterns that apply to a large percentage of objects in a dataset. In contrast, outlier detection focuses on a very small percentage of data objects, which are often ignored as noise. An outlier in a set of data is an observation or a point that is considerably dissimilar to or inconsistent with the remainder of the data (Ramaswamy et al., 2000) . This property of spatial databases is very important in analysing traffic databases and detecting abnormal and congestion points in traffic flow. Spatial data mining and thus outlier detection has been one of the significant data analysis techniques. It has been used for the study of data to find hidden trends and patterns. These techniques can prove to be useful in the analysis of traffic data, which can be helpful in controlling and preventing abnormal events in future.
Another important concept that has been used in the development of CubeView system is data visualisation. An important function of any emergency control and response system is to help in the detection of incident areas and give a detailed description of the situation to support the management personnel in decision-making. One of the techniques to help in the understanding and analysis of complex situations is data visualisation. Data visualisation is an important area of data analysis, where the data collected is summarised and presented in a visual form to aid in decision-making and to better grasp the critical issues of the situation. Visualisation techniques have been used in various fields of technology as an aid to decision-making and prove to be one of the important tools for clear communication and understanding of the situation. Visualisation for spatial databases is gaining importance due to its ability to detect abnormalities in data sets. These datasets are related to each other based on location and a deviation in behaviour from the neighbours helps in detecting the abnormal conditions. CubeView system was designed based on such concepts and proves to be a useful tool for decision-support in cases of crisis management. It provides a pictorial representation of the results of analysis and trends and patterns that can be discovered. Data visualisation techniques effectively facilitate the task of spatial data-mining. The primary importance of user interaction and graphical representation of data, as part of the whole knowledge discovery process to make patterns more understandable by users has been emphasised . Many powerful visualisation tools have been developed in databases and data mining. Visualisation tools, such as VisDB (Keim and Kriegel, 1995) , XGobi (Swayne et al., 1998) and XmdvTool (Rundensteiner et al., 2002) , provide a set of predefined visualisations, e.g., histogram, scatter plots, and parallel coordinates, to explore multi-dimensional datasets. These views are augmented with brushing and zooming techniques. However, users cannot interactively construct and refine a wide range of displays to suit an analysis task for large spatial datasets. There have been many studies which focus on the visualisation of spatial data, though none of them address the constraints of large data sets on visualisation (Fayyad et al., 2001) . Grinstein et al. (2001) provide a brief summary of the various methods of representing data in visual form and how it can be used in data mining. Effective visualisation is needed to explore large spatial datasets. This paper combines the techniques of data mining and spatial visualisation techniques to discover implicit patterns and relationships embedded in the traffic data, which can then be used for detecting and controlling emergency and abnormal situations.
3 Traffic visualisation and data mining for emergency control
Issues related to emergency control
Emergency events mostly occur without any warning signs and require immediate response in order to minimise the negative impact. Such events usually involve huge amounts of resources. Efficient use of limited resources is one of the important tasks in such situations. A good understanding of the situation and the events following is therefore a very important pre-requisite. However, proper management of such situations on the highways requires a few basic processes and systems to be set up to help the traffic personnel control the situation. The first important step towards the use of traffic data for emergency control is the formatting and cleaning up of data from its binary form. The data once formatted is more useful to transportation engineers and managers involved in decision-making. This data has therefore to be processed so that important conclusions can be drawn. The study of such data can help in predicting the traffic flow patterns in future. Although this process yields better results than skimming the raw data, it is not much effective in cases where the time available to study and analyse the data is short. In other words, during emergencies, the staff usually is over-worked and the people involved have very less time to spend on the analysis of data. In such situations it would be useful if the data can be readily presented to the users in a pictorial form and conclusions drawn from it. Visual presentation of data helps the decision-makers much more than mere numbers. Visual representation helps present a uniform picture to all the members involved. There is single access point to data and a single representation, which ensures that the data will not be misinterpreted.
There is another practical aspect of emergency management. Congestion is one of the major problems that arise due to emergency events. Evacuation is one of the major protective action option used in case of emergency situations (Rathi and Solanki, 1993) . This creates a need for efficient traffic management and control in case of emergencies and the resulting congestions. Many studies have been conducted to estimate and simulate the evacuation time required in situations of emergency. The study and analysis of congestion patterns for the highways can help in developing an evacuation plan in cases of emergency when congestion is the main problem. According to the Arizona Department of Transportation, Transportation Technology Group, there are two types of congestion: recurring and non-recurring congestion (Arizona Department of Transportation and Transportation Technology group, 2002). Congestion occurs when the demand for highways or roads exceeds the capacity of the roads. Recurring congestion usually occurs during the morning and the evening commute when the number of highway users is large. Non-recurring congestion occurs due to unpredicted conditions such as accidents, disabled vehicles, adverse weather conditions, etc. Emergency traffic control and congestion belongs to the second category and the data collected through the sensors can be useful in managing such traffic.
CubeView visualisation can be used as a tool for the analysis and study of such congestions. It can help the traffic control department to estimate the time required to clear off the congestion by simulating various emergency situations based on the historical data collected. Also the analysts can determine alternative routes that can be used in case of emergencies. Such alternatives can be used by the emergency response teams to reach the hot spots without significant delays. They can also be helpful in redirecting the traffic from the incident region, thus avoiding over-congestion.
According to Pearce, the events of 9/11 turned the attention of USDOT to the Transportation Information Operations Center in Washington DC, which operated round the clock to keep the administration informed of the state of transportation in the two metro areas (Pearce, 2002) . Such situations emphasise the importance of developing information processing systems that can help the administration in making informative decisions in case of emergency situations. These events have turned everyone's attention to the need for ensuring that the means of transportation and the agencies operating them are fully prepared to tackle threatening situations. This means that the people responsible for the smooth operation of this infrastructure be provided with the necessary tools to prevent, prepare for, respond to and recover from natural and man-made disasters. The related activities are therefore divided into six stages by the Office of Homeland Security (OHS): Detection, Preparedness, Prevention, Protection, Response and Recovery. Although, detection has been mentioned here in the context of detecting any suspicious things in case of emergency, detection of congestion points can be one of the functions of Traffic Control systems. Current data can be used to detect the points where congestion might occur.
Effective and thorough planning is the first steps towards preparing to deal with emergency situations. Once the plans are prepared, they have to be understood by the personnel and practised regularly. CubeView can be an effective tool in preparing for the traffic congestion due to emergency situations. Based on the data collected on a day-to-day basis, an estimate can be made of the congestion conditions in case of emergencies. CubeView can be used to simulate situations of emergencies and used as a training tool for traffic personnel to find out alternative routes in case of emergencies. The whole process is depicted visually, which makes it easier for the users to understand the different scenarios and the effect of different alternatives. CubeView is also an effective tool for responding to the emergency situations, since it can give an idea of the distribution of traffic on various roads if real time data is fed into the system. The sections following will give a more detailed description of CubeView Visualisation system and its applications in traffic emergency control.
MNDOT system
A brief description of CubeView system and its origin would be helpful in understanding the working of the system and its relevance for crisis management. CubeView has been developed for the analysis of traffic data for Minnesota Department of Transportation. In 1995, the University of Minnesota, the Traffic Management Center (TMC) Freeway
Operations group started the development of a database to archive sensor network measurements from the freeway system in the Twin Cities (The Minnesota Department of Transportation's Traffic Management Center). The sensor network includes about nine hundred stations, each of which contains one to four loop detectors, depending on the number of lanes, as shown in Figure 1 . Sensors embedded in the freeways and interstate monitor the occupancy and volume of traffic on the road. 
CubeView: an overview
High-performance visualisation techniques are becoming crucial as the amounts of traffic data collected by an ever-increasing network of sensors is becoming too large to be analysed manually. CubeView is a high performance spatial visualisation system for traffic data analysis. It is a multiple view system that has been defined as a system, which uses two or more distinct views to support the investigation of a single conceptual entity. Multiple views can provide utility in terms of minimising some of the cognitive overhead engendered by a single, complex view of data (Baldonado et al., 2000) . The system presents information in various formats to assist transportation managers, traffic engineers, travellers and commuters and researchers and planners to observe and analyse traffic trends.
CubeView is a web-based application implemented in Java. It can be visited through web browser to display highway traffic information. The system provides several essential data cube visualisation utilities for traffic pattern analyses, including traffic video, highway time map, traffic video comparison, and 2D data cube map. It also supports spatial outlier detection, identifying abnormal traffic patterns in traffic data warehouses using visualisation techniques. These traffic patterns and rules can assist in decision-making for transportation managers, commuting routes selection for commuters, and traffic model establishment for researchers by providing a model to analyse the different alternatives available in the event of crisis. In the underlying data structure, the spatial data has been modelled as a spatial data warehouse to facilitate the query engine for the online analytical processing used in the visualisation software. The algorithms for filtering out the datasets to detect outliers have been tested on real-world traffic data sets.
In general, the subjects of analysis in a multi-dimensional data model are a set of numeric measures. Each of the numeric measures is determined by a set of dimensions. In a traffic data warehouse, for example, the measures are volume and occupancy, and the dimensions are time and space. Dimensions are hierarchical by nature. These dimensions are shown in Figure 2 . For example, the time dimensions can be grouped into 'week', 'month', and 'season', or 'year', which form a lattice structure indicating a partial order for the dimension. Similarly, the Space dimension can be grouped into 'station', 'county', 'freeway' or 'region'. Given the dimensions and hierarchy, the measures can be aggregated in different ways. For example, for a particular highway and a chosen month, the weekly traffic volumes can be analysed. For the Twin Cities traffic data, we have the CubeView as a specialisation of general data cube operator as in Figure 3 . In this figure, T TD represents the time of a day, T DW represents the day of a week, T MY represents the month of a year and S represents the station. Each node is a data cube operation, and a view of the data. For example, S represents the traffic volume of each station of all the time. ST TD represents daily traffic volume of each station. T TD T DW S represents traffic volume on each station of different time of a day, which is generated as a video in CubeView System. CubeView displays traffic with different colour schemes. Heavier traffic flows on a highway are indicated by darker colours. The basic concept behind CubeView is data cube. Because of the nature of the data cube, CubeView can analyse any traffic data. The software only requires space and time for each measure, like volume, occupancy and speed. Speed is derived from volume and occupancy. These requirements are very simple and most highway monitoring systems should be able to satisfy them. 
CubeView: system architecture
CubeView is a web-based java application with a three-tier structure. The three components of CubeView are: Graphic User Interface (GUI), web server, and database server. As discussed in Section 2.1, a data management tool for emergency control should provide for: collection of data at a singe source, provide an interface for extracting and processing the data, and provide interactive analysis tools. The three components in cube-view provide these three functionalities. The three components together provide a web-based visualisation system. GUI is implemented through JAVA applets, which accept input from users and sends requests to web server. GUI requests are sent to a web server that uses Perl and generates SQL queries for the database server. MySQL is the database server that manages the traffic data and processes the SQL queries and delivers query results.
The three layers of CubeView consist of:
• Graphic user interface (GUI) . This module provides the interface with which the user interacts. It accepts inputs from the users and displays the results. The GUI renders the highway map using geographic coordinate information of each station. It accepts queries from users and sends the queries to the middle level tier, which further requests the traffic data from the database. It colour codes the data according to the colour scheme and displays traffic video, outlier stations, and shows highway traffic volume maps for user-specified time, date and highway stations.
• Data access middle tier. The interface for the user and the Database containing the traffic data are connected through the web server. The web server has been implemented in Perl (Practical Extraction and Reporting Language) and CGI (Common Gateway Interface). The middle tier accepts requests from GUI and retrieves data from the database. It accepts requests from GUI and sends appropriate SQL (Structured Query Language) queries to the database to request the needed data.
The results are sent back to GUI as strings.
• Database tier. All the data related to the traffic is contained in a database. My-SQL has been used as the database server. It stores the 5-minute interval road detection data and descriptions of each of the stations.
The raw data collected by the loop detectors is in binary format. This data is converted into text data using transformation programmes and later inserted into database servers. Three-tier architecture helps in the processing of both the current and the historic data. Historic data is stored in the databases and can be accessed by the users at any time. The simple web-based interface provides users with an easy access to the system. Easy access to the tool is one of the important requirements to be met by emergency management tools. Since crisis situations involve a large amount of mental and physical activities, it is important that the users of data have easy access to the data. Figure 5 illustrates the data flows and major modules of CubeView system. The basic map and raw data are cleaned, transformed, and loaded into the data warehouse, which provides the multi-dimensional views and the OLAP operations for a variety of front end data mining analysis tools, e.g., classification, clustering, association rules. The discovered patterns or rules are then visually displayed as maps, tables, or charts for further interpretation. CubeView displays different levels of traffic volumes using different colours, which helps in easy identification of the traffic pattern. Use of archival traffic data for future emergency control purposes requires that the data should be analysed for relevant information and the information be presented in such a way that the users can easily draw conclusions from the patterns. The four kinds of traffic visualisation utilities provided by CubeView are:
Figure 5
Data-flow and main modules in our system
Traffic video. This visualisation shows the changes in specific traffic patterns over a period of time in a video-like display. The changes are updates continuously, so that the users feel that there is flow in the traffic display. Users can specify the date, starting time and ending time to display traffic flow on one or several specific highways. Three kinds of traffic information, total volume, average volume and occupancy, are provided.
Highway time map (ST TD )
. This view provides a detailed analysis of the traffic flow pattern on a particular highway for a particular day. As shown in Figure 6 , static traffic flow for a selected highway (a group of stations) can be rendered for a chosen date. User can specify the direction of traffic flow, such as northbound or southbound. An analysis chart of traffic flow information will be displayed beside the highway map, so that users can quickly identify traffic peak periods and locations. In addition, spatial outliers (abnormal stations) can be detected and displayed in the analysis chart. 
Traffic video comparison (T TD T DW S).
The traffic video can also be used to compare two different highways for their traffic patterns. CubeView supports traffic video comparison for a specific highway or the whole highway network between two particular dates. Users can select to display traffic volume or occupancy and observe the traffic flow variations between these two dates.
2D data cube map. Users can select a specific dimension pair to show their relationship for a certain range of dates, such as Time of Day-Day of Week (T TD T DW ), Day of week-station (T DW S) and Station-Time of Day (S T TD ). These utilities provide the users with the independence to choose the dimensions on their own. Such type of functionalities is important so that users are provided with all the necessary tools for data analysis during emergencies.
Different views in CubeView system and emergency control
Different kinds of users can benefit from the analytical tools provided by the Cube View system. The traffic engineers through the outlier detection and analysis can analyse abnormal traffic flows. Travellers can observe the historical traffic flow for a specific event and avoid congested road segments. Each of the views that CubeView system presents can be helpful in a particular aspect of decision-making. Presently the CubeView system uses only historic data stored in databases, but it can also be used for analysing real-time data. CubeView thus proves to be an excellent tool for the analysis of current and historic traffic data. Historic data can be analysed to find out any exceptional cases of traffic flow and this experience can be used in dealing with the emergencies in future. The views provide summary reports for the particular days, months or weekdays and the highway or time. The different views provided are: date-time of the day, date-highway, highway-time of the day, date-map, highway-map, time of day-map, etc. Each view provides a summary of the traffic patterns, which can be helpful for the analysis of traffic patterns on particular highway, or on particular weekdays or particular time intervals. Some important terms that have been used in the system are: Total volume, average volume and occupancy. Total volume is measured as the number of vehicles passing through a station during a 5-minute time interval. Average volume is the total volume divided by the number of lanes at that station. Occupancy is the percentage of time during which a station is occupied by a vehicle. At regular intervals, this information is sent to the Traffic Management Center for operational purposes, e.g., ramp metre control, as well as research on traffic modelling and experiments. The different views in the system and their relation to emergency control measures can be summarised as follows:
Video map comparison
This view helps the users analyse and compare the traffic patterns by allowing them to simultaneously observe the traffic flow on two different dates. Figure 7 shows the traffic flow on Friday, January 10, 1997 compared with the traffic pattern for the month of January 1997 during 4:55-5:00 PM. The view can be used to represent the volume or occupancy on the roads. Depending on the measure, different conclusions can be drawn. The areas in red colour show the presence of high level of traffic. This data can be useful for the decision makers in finding out the consequences of emergencies happening on the weekdays when the traffic is going to be high. The system provides a video like view of the traffic changes for the time interval. Users can choose a single date to be compared to the other date or an interval of days to be compared with a particular day. Such comparison tools are helpful in analysing how the patterns are typically different on particular weekdays compared to the other days of the week. This view on traffic pattern can help the users analyse the effect of emergencies that occur, on different routes and the roads that would get congested in such cases. This view can thus be used for the study of traffic both in the past and current situations. Analysts can view the flow of traffic in cases of past emergencies and can see the effect of congestions and the availability and usage of various roadways. This study can reveal any typical behaviours of motorists in cases of emergency in taking particular routes compared to others. In cases of current data analysis, researchers can for instance compare the present day patterns with the same weekdays in the past. This would help them to continuously monitor and study changing patterns. For instance in the comparison in Figure 7 , the circled area on the right side as compared with the circled area on the left side shows that there is a part of I-94, that is congested on Fridays but less congested on other days. Thus traffic managers can plan accordingly in case anything happens on Fridays in that area. Such traffic patterns are not readily apparent when raw data is studied. 
Time of the day and day of the week comparison
This dimension is to show comparisons based on the time of the day and the days in the week for a particular highway. For instance, Figure 8 shows the traffic patterns for weekdays, during the period January 9-April 10 1997 on I-694W for different times during the day. Each weekday is represented as a row on the Y-axis and the time intervals are represented on the X-axis. Red colour indicates higher traffic volume. The view can be used for representing different measures of traffic patterns such as average volume, total volume and occupancy. Figure 8 shows the comparison of average traffic volume for different weekdays. We can see from the figure that the traffic is particularly high during the time interval 4-5 pm on weekdays, while it is not that high during the weekends. Also the traffic is particularly high on all days except Wednesdays during this time interval. Rush hour starts early on Fridays as compared to other weekdays. This analysis can be helpful in assessing the highways for traffic patterns based on the weekdays. Presenting the data in visual form helps in discovering many new characteristics of traffic flow that would otherwise have been very difficult to analyse. Based on this type of information, the traffic personnel can decide the amount of resources; they would require if any mishap occurs on a particular weekday at a particular time. Based on the day and the time of the day, the resource requirements would vary and the information obtained from the study of the traffic patterns can help in planning for the events. When used for analysing the current data, such type of analysis can help in predicting congestions and emergency situations. The visualisation would show unusually high amounts of traffic on such times, which can be easily detected when a comparison with other weekdays is presented. 
Day of the week and station comparison
This dimension provides a combination of the day of the week and the traffic for different stations on a particular highway. Figure 9 shows the comparison of traffic patterns on different days of the week for I-94 East during the time period January 1-20 1997. X-axis represents the different stations on the highway and Y-axis shows the weekdays. User can choose a particular highway and a particular measure for traffic pattern such as volume or occupancy. The figure shows the average volume for different stations and weekdays. The view can also be used to represent total volume or occupancy for different weekdays and stations. Thus different patterns can be studied as needed. This view provides a much closer look at the traffic flows on a particular highway. The points of congestion can be identified in this view. For instance, from Figure 9 , it can be seen, that 94/OSLONE station on the I-94E is particularly congested on Fridays. The study of the patterns on a particular highway can be useful to manage the traffic on that highway based on the day on which any emergency situation occurs. The figure below for instance, shows that the point 94/OLSONE is particularly congested on Fridays. On the other hand, the point 94/49AVE is never congested. This information can help traffic personnel to estimate the resources they might require to deal with emergencies that might occur at various places on the highway. The pictorial representation of the traffic on the highway is very detailed and can show the points of congestion and potential points of congestion in case of emergency. An analysis of the past data thus helps in the identification of potential trouble spots. An analysis of current data would help in immediately identifying congestion points and outliers. 
Station-time of the day comparison
Another very useful view to analyse the traffic patterns on a particular highway very closely is the station-time of the day comparison. This view shows the traffic patterns on a particular highway for each of the stations on the highway on a particular day. The view provides three different pictures. First it provides a map of all the highways highlighting the highway in question. Secondly, it provides a visual representation of the comparison of the traffic pattern for each station on the highway for different times during the day. Thirdly, on clicking on each row on this representation (each row represents a particular station), it shows the corresponding point on the highway map and at the same time shows the graphical representation of the traffic flow for that station for that day in a graph below. The X-axis on the graph represents different times during the day and the Y-axis shows the measure that the user chooses such as total volume, occupancy or average volume. This is an extremely useful analysis to study the traffic patterns on a specific highway and on particular days, which can be helpful in eliminating the congestion points during emergencies. Figure 6 shows the traffic pattern on I-35W for 01/09/97. The figure also shows the outliers (shown as red bars on volume map) on clicking the Outlier button. Outliers are an exception to the normal flow of traffic. An outlier in a set of data is an observation or a point that is considerably dissimilar to or inconsistent with the remainder of the data (Ramaswamy et al., 2000) . Detection of outliers can help in identification of abnormal traffic patterns. These abnormalities can be mainly seen during emergency situations when congestion is the main problem. Outlier detection techniques can immediately identify the event points in such cases. Spatial outliers detection is one of the important techniques of spatial data mining and very useful in spatial data analysis. A spatial outlier has been defined as a spatially referenced object whose non-spatial attribute values are significantly different from those of other spatially referenced objects in its spatial neighbourhood . Since traffic data is also spatial data, application of spatial outlier detection techniques can be very useful in case of contingencies. A closer look at the outliers can show how they can be helpful in identifying congestion spots during emergency. Figure 10 shows an example of traffic flow outliers. The Figures 10 (a)-(c) show traffic on three stations 581,582,583 on 17 January.1997 on I-35W. In the traffic data set, each station is a spatially referenced object with spatial attributes (e.g. location) and non-spatial attributes (e.g., measurements). The X-axis is the time in a day, and the Y-axis is the volume of a station. As shown in the figure, the abnormal station (Station 582) had the volume values significantly inconsistent with the volume values of its neighbouring stations 581 and 583. 
The identification of spatial outliers can help traffic managers quickly respond to faulty detectors or abnormal situations. This can be of particular help while processing current data. Users can immediately identify the trouble station and respond promptly thus reducing the response time in cases of emergency. With the help of visualisation, identification of outliers thus becomes easier.
Time of day, day of week comparison for different routes and months
This node on the dimension lattice shows the traffic on a particular day of week, at a particular time for various months and for the various routes. This view presents a summary of all the information at one glance. It provides a complete picture of the traffic situation in the past. Figure 11 Apart from the analysis of traffic patterns on each highway, it is also important and useful if the traffic patterns for various highways can be compared to each other. Also it can be helpful if the view can provide comparison for traffic patterns on the weekdays for various months. This view provides such summary. It helps to put all the information together for comparison. On comparing the figures horizontally, we can see the traffic patterns for a particular highway for various months on day-to-day basis. On comparing the figures in vertical rows, we can see the traffic patterns for the same month on different highways. For instance, for I-35W, the number of stations congested during the month of January is more than that for the month of March (shown in circled areas). This shows the typical behaviour of the motorists and their preferences and how the patterns are not constant from month to month. This view thus provides a very useful representation of the total analysis. This analysis of the traffic patterns can help the traffic engineers identify the regions that are usually crowded at particular times. This would help them in identifying the risks that might accompany the emergencies that might occur on these roadways.
Station (dimension S)
This view shows the comparison of traffic volume for various stations on a highway. The X-axis represents the various stations on the highway and the Y-axis represents the average volume at one particular time for those stations. A comparison of traffic volume for various stations at one point of time can help identify the trouble spots for that highway. When used while processing current data, the view can signal congestion in advance by detecting outliers. For instance in Figure 12 , a comparison of traffic at various stations on 35W, indicates that there are two problem spots, where the average volume increases suddenly -35W/36S and 35W/TH55S. This analysis can be very helpful while monitoring the highways for abnormal incidents. Traffic personnel can identify the trouble spot very easily from the representation. The view will prove to be a continuous close-monitoring tool while processing current data. In case of emergencies, this would provide a close-view of the flow of traffic on the highway. 
CubeView and emergency control
CubeView traffic visualisation software can prove to be a useful tool for studying the traffic patterns during emergency situations. In emergency situations, evacuation and the leading traffic congestion are the two major issues to be resolved. Road traffic data analysis tools can help in the traffic management aspect of emergency situations.
Computer simulation models of traffic flow are used to estimate the time it takes to evacuate or 'clear' an at-risk region by means of vehicular evacuation (Rathi and Solanki, 1993) . CubeView can be used to simulate the traffic patterns during such situations.
The Office of Emergency Preparedness, states a few important things related to emergency control and preparedness, which apply to any emergency response information systems (Turoff, 2002) . It states that an emergency system not used on a regular basis before an emergency will never be of use in an actual emergency. This highlights the importance of the archived data and the use of this data for emergency preparedness. Unlike some of the other transportation information systems, CubeView can be used for the analysis of both past and current data. It can be a useful tool for the analysis of traffic patterns in the past. And this analysis can be used to simulate the control actions to be taken during emergency situations. Learning and understanding what actually happened before, during and after a crisis is extremely important for improvement of the response process (Turoff, 2002) .
CubeView provides a visual representation of the traffic data. Visual representation provides more insight into the data than the actual data itself. It helps to find patterns and relationships between the elements of data that would otherwise not have been evident enough. It gives a summary of the traffic patterns based on the highways, days of the week, time of day. These views help in the study of traffic flows on the roads. This approach can be helpful in finding out the alternate routes, avoid congestion and help in finding better solutions for dealing with emergencies. As mentioned before, CubeView can play an important role in detection, preparedness, response and recovery from emergency situations. The system can be used to provide a visual representation of current data as well. CubeView uses colour-coding to differentiate the different levels of traffic flows. It can be used to represent three different aspects of traffic flow -total volume, average volume, occupancy. Various shades of green represent a lower than average level of traffic flow. Various shades of yellow show a medium or average traffic flow, while the shades of red represent high levels of traffic flow. This colour-coding can be helpful in determining the specific points on the highways that are near saturation point. In such cases, the congestion can be detected earlier and action can be taken immediately. CubeView also plays an important role in training the traffic personnel to prepare for taking appropriate actions in case real emergencies arise. Since CubeView can be used to analyse the archived data, it can be used to study the traffic patterns in the past. Traffic personnel can be trained through the different views that are created in CubeView. Being a visualisation tool, it helps in providing them with a pictorial representation of the traffic flow on a particular day, or particular highway or a particular month for example. It can thus be a helpful learning tool. At the same time, traffic personnel would learn how to use the tool and get familiarised with the various aspects of the system, which is an important step in preparation for emergencies.
In case of emergencies, CubeView would present a live picture of current traffic flows, using the current data fed into the system. All the traffic personnel are presented with a uniform view of the traffic patterns. Based on the study of the previous traffic patterns, they can determine the routes to which the traffic has to redirected and avoid congestion on particular highways. CubeView can also help in the recovery from the emergency situations. The data collected during the emergency situation can be helpful in finding out the weaknesses of the highway system. New highways or access points can then be proposed and the new model can be simulated in the CubeView. This new model can then be tested using the data collected from the emergency situation, to test how well the new proposal for highways works.
Real-time data processing system should provide and analyse information in very short periods of time. Time is a critical factor in such systems. However, accessing the database over the network and the processing of information does require some time depending on the connection speed and the efficiency of the system in processing the data. An information management system should provide for a robust infrastructure, information search and retrieval, and provide for compatibility of formats among various systems (Information technology Trends Relevant to Crisis Management Summary of a Workshop on Information Technology Research for Crisis Management, 1999; Information Technology Office, 2004) . The information management system should be robust enough to operate even in the conditions threatening the system itself. The performance of CubeView system is dependent on the proper functioning of the sensors and the sensor network. If the crisis involves damage or destruction of a part of this network, it is difficult to rely on the real-time data analysis provided by CubeView. In those cases, CubeView might not be able to present a correct real-time picture of the emergency situation.
The system should be able to provide for easy information search and retrieval. In our visualisation software system, there are two possible bottlenecks. One involves the network and the other is the database. Depending on the performance of the underlying database, the information search process results can vary.
Another important feature of information management systems, as mentioned above, is the compatibility of formats among different information systems. Presently information has to be cleaned and formatted in order to be used in the CubeView system. It cannot be used as is. The amount of useful information in times of crisis, is typically too large for managers and incident commanders to process and utilise to good effect (Jenvald et al., 2001) . It is therefore important to simplify and consolidate information so that it is really useful in managing resources and effectively communicating among agencies. CubeView does help in providing a simplified version of the information collected in the database. However, the use of this information in a fruitful manner requires proper training of the people involved in crisis management. In case of emergencies, it is always easier to deal with a known system, instead of relying on a completely new system. Proper training of users would help them to use the vast amount of incoming information in an intelligent manner.
Many new visualisation techniques have been developed in the recent times and are gaining popularity due to much more clearer presentation of data. 3D-visualisation of data is one such presentation. Computer-aided design, video, computer graphics, animation and virtual reality are some of the emerging concepts in the field of data visualisation. Three-dimensional representation of data provides a greater appeal to the eye and is closer to reality than 2D maps. We are currently developing a 3D version of the CubeView. The objectives of developing a 3D system were to create an interactive traffic visualisation system for analysis of loop-detector traffic data collected at the Traffic Management Center. This implementation is proposed to be done in geographic markup language (GML), the language used for virtual environments. The basic map data required for the prototype has been stored in a text file. In the 3D implementation, each station polygon for the highway map is drawn. The coordinates of vertices in each polygon are converted to the world coordinate. The user can easily navigate and control the different views of the system. Figure 13(a) shows one of the features and representation of traffic data in 3D. The average volume has been represented as the height of a polyhedron. Station polygons form the base of the polyhedron. The maximum volume during the day is divided into ten levels. Different colour is then used to represent different levels. A more realistic feeling of the map has been given by using texture-mapping techniques as shown in Figure 13(b) . Adding the texture mapping and various real-life features to the view can help in more realistic visualisation of the map. Users' experience would be better than the 2D representation as it creates a feeling of power to control to navigate through the system. Presently CubeView processes historical data stored in databases. However, in order for CubeView to be useful during real-time analysis, it is important that it should efficiently process current stream data. There are many factors that make the processing of stream data entirely different from processing historical data. A data stream is a real-time, continuous, ordered sequence of items. It is impossible to control the incoming data and it cannot be stored locally. Also the queries on such data run continuously over a period of time and incrementally return new results as new data arrive (Golab and Ozsu, 2003) . Thus time plays an important role in processing such information and the results have to be displayed instantly. CubeView system has to be adopted accordingly to achieve better performance results for processing stream data.
Conclusion
The concepts of data mining and visualisation have proven to be important techniques for analysing information in large data sets. CubeView is an attempt to use these techniques for the analysis of traffic data sets. Traffic data visualisation proves to be an extremely useful analysis tool. The techniques of visualisation make the knowledge discovery process much less burdensome and thus can be useful in cases of crisis when time is the limiting factor. Besides visualisation, the techniques used for spatial data mining have been used for the analysis and filtration of traffic databases. One such techniques is the identification of outliers, which plays an important role in identifying abnormal situations and emergency congestions. Although the prototype developed for the CubeView system gives an analysis in 2D, proposals have been made to develop CubeView to provide 3D representation. Such representation will provide users with immersive experience. Future directions of the work involve researching the issues in processing online stream data. Also many different views can be further incorporated in CubeView for efficient emergency analysis. Extensions to the system would also involve designing the system in such a way that user can choose the various dimensions in which data is to be represented and developing outlier detection algorithms in various circumstances.
